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ABSTRACT
This research focuses on the reaction between triaikylboranes and nitrones. 
A novel rearrangement reaction results in the formation of N,N-disubstituted 
hydroxylamines. This reaction involves the formation of a new carbon- 
carbon bond and a new chiral center. Two nitrones and three 
triaikylboranes are investigated, and six hydroxylamine products are 
characterized.
x
CHAPTER ONE 
THE REAGENTS
1
INTRODUCTION
The core of this research deals with the synthesis of N,N-disubstituted 
hydroxylamines from nitrones and triaikylboranes via a novel rearrangement 
reaction. However, to fully appreciate the scope and chemistry of these 
reactions, one must look at the reagents involved. To this end, a brief 
examination will be made of triaikylboranes, followed by more extensive 
investigations of boron rearrangement reactions and nitrones. This paper 
will end with a brief review of hydroxylamines and a full discussion of the 
results of this research.
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TRIALKYLBORANES
Triaikylboranes were first produced in 1860 by Frankland via zinc 
alkyls (1).
3ZnR2 + 2B(OMe)3 — > 2BR3 + 3Zn(OMe)2
This was later accomplished in 1921 by Kraus via a Grignard reagent (1).
BF3 + 3RMgX - > BR3 + 3MgXF
However, today most triaikylboranes are formed via hydroboration reactions
which were first discovered by Herbert C. Brown (1). In one of the most
basic hydroboration reactions, diborane, B2H6, adds either to a terminal
carbon of a C-C multiple bond or to the least sterically hindered carbon.
One of the hydrogens from the borane is transferred to the more
substituted carbon of the multiple bond. After three such additions a
trialkylborane is formed (1).
6RCH=CH2 + B2H6 — ->  2(RCH2CH2)3B
This addition is governed by steric factors where the boron adds to the less
»
substituted and hence, less sterically hindered carbon. For this reason 
triaikylboranes form most readily with unhindered alkenes (1). if the 
carbons of a multiple bond are highly substituted or congested then the
addition tends to stop at the mono- or dialkylated borane.
The reaction passes through a four-center transition state. In the 
transition state, the boron is partially bound to the less substituted carbon
through its p orbital interaction with pi electrons. One of the borane 
hydrogens is partially bound to the more substituted carbon atom (1). The 
more substituted carbon develops a partial negative charge as the boron 
develops a partial positive charge as seen in Figure 1 (1). This four
The hydroboration-oxidation of cyclic olefins such as 1- 
methylcyclopentene (2) illustrates two interesting points. First, one can see 
how the hydroboration reaction occurs with syn addition. Second, the 
oxidation of the organoborane occurs with retention of configuration to give 
trans-2-methylcyclopentanol completely. Therefore, since the oxidation 
occurs with retention of configuration, the addition of the B-H bond to the 
double bond must be syn. This is illustrated in Figure 2.
Hydroborations are useful as synthetic tools to achieve ends such as
+ SR centered transition state explains the
O
:c>Dj R stereoselection of the hydroboration reaction.
Since the boron and hydrogen add to
Figure 1 the same face of the C-C multiple bond, the
addition is syn.
Figure 2
isomerization and protonolysis, among others. Isomerization can be seen 
in the example of the addition of borane to 3-hexene followed by heating 
(2). The initial hydroboration results in placing the boron on the 3-position 
as illustrated in Figure 3.
This occurs because hydroboration is thermally reversible. At temperatures 
greater than 160°C, B-H molecules are discharged from alkylboranes. 
However, the equilibrium that is present is in favor of the addition product. 
The migration of B-H occurs down a carbon chain via a series of 
eliminations and additions. At equilibrium, the major alkylborane present 
is the least substituted terminal isomer since this minimizes steric 
repulsions.
Protonolysis can also be accomplished via hydroboration. After 
hydroboration the reaction mixture is treated with a carboxylic acid, which 
have proven to be more effective than mineral acids for this reaction. This 
is illustrated with an alkyne in Figure 4 (2).
A
Figure 3
R -C = C -R
R -C -H  CH3CO2H
** /  R -C-B
R -C -Hu
R-C-H
Figure 4
NITRONES
Nitrones (Figure 7) have undergone extensive study since Pfeiffer first 
used the term in 1916 (3) to describe substances with the linkage -C=N(R)- 
> 0 . The name was coined from the term nitrogen ketone because the 
linkage behaves like a carbonyl. Other names used to describe this moiety 
includes Schiff base N-oxides, aldehyde N-alkyloximes, and aldehyde N- 
alkylnitrones (4). Over the years the nomenclature has changed and 
become more uniform. For example, nitrone 5, known as the N-phenyl 
"ether" of benzaldoxime in the older literature, is currently referred to as a,N- 
diphenylnitrone. Cyclic nitrones are named as derivatives of the parent 
heterocycle. For example, nitrone 6 is called 2,3,4,5-tetrahydropyridine N- 
oxide.
The reactivity of this compound can be partially predicted on the basis of 
its resonance forms as seen in Figure 8.
O'
5 6 7
Figure 8
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Nitrones have been synthesized from the oxidation of N,N- 
disubstituted hydroxylamines, from N-substituted hydroxylamines, oximes, 
oxaziranes, and aromatic nitroso compounds. The following is a brief 
overview of the literature concerning the synthesis of nitrones.
The oxidation of an N,N-disubstituted hydroxylamine, as illustrated 
in Figure 9, to the nitrone can be accomplished with a variety of reagents 
including molecular oxygen, yellow mercuric oxide, and hydrogen peroxide.
R—N— CHF^R2  — — -  R—N = C R 1R2 + H20
OH O.
Figure 9
Molecular oxygen was used in the presence of aqueous cupric salt 
solutions to oxidize 5-ethyl-1-hydroxy-2,2-dimethylpyrrolidine to the 
corresponding nitrone in 90% yield (5). This method has also been shown 
to yield cyclic nitrones. a-Phenyl-N-benzylnitrone has been formed by 
oxidation of the corresponding hydroxylamine with yellow mercuric oxide 
in dry chloroform (6). Finally, hydrogen peroxide oxidized O.N-cyclic 
acetals of 5-hydroxypentanal to form the aliphatic nitrone (7).
The primary means of synthesizing nitrones from N-substituted 
hydroxylamines is via a condensation reaction with an aldehyde or ketone, 
as seen in Figure 10. An example of such a condensation reaction is that
of N-phenyihydroxylamine and benzaldehyde to form the a,N- 
diphenylnitrone in high yields (9).
RNHOH + R1R2C = 0  --------- - r- n = C R 1R2 + H20
O.
Figure 10
However, this reaction is subject to steric hinderance (8). If R, R1 or R2 are
small groups then the reaction gives high yields. If two of the substituents
are large groups, steric effects come into play and the reaction does not
proceed. In fact, when N-diphenylmethylhydroxyl-amine was treated with
benzaldehyde the nitrone does form (6). However, steric effects can be
w i tn e sse d  in the  react ion  of b e n za ld e h yd e  with N-
triphenylmethylhydroxylamine because no nitrone forms (10).
Oximes, oxaziranes and aromatic nitroso compounds can also serve
as starting materials from which nitrones form. From oximes, nitrones are
formed via alkylation. However, a major drawback to this method is the
formation of product mixtures including the oxime ether (8) as illustrated in
Figure 11. v  v \  +
C=NOH + XR -------- - 'c=NOR + ,C=NR + HX
/  O .
Figure 11
Oxaziranes have been shown to rearrange to the corresponding nitrones,
as seen in Figure 12, but the disadvantage of this synthetic pathway is the 
formation of other rearrangement products such as amides (8). Therefore, 
this method is not entirely reliable for the synthesis of nitrone species.
Probably the most versatile means of producing nitrones is through 
aromatic nitroso compounds. Successful synthesis of nitrones has been 
accomplished by the reaction of these nitroso compounds with species 
containing active methyl or methylene groups (Figure 13), diazo 
compounds (Figure 14), sulfur ylides (Figure 15), alkenes (Figure 16), and 
alkynes (8).
RCH— NR ~
O  hv
✓  \  _  ... . RCH=N-RI
0_
Figure 12
ArCH3 ArCH2' ArNO 2ArNOArCHz—NAr1
Figure 13
CqH5NO + (C6H5)2CN2 +C6H5N-C(C6H5)2 + N2
Figure 14
9
+ S(CH3)2 c6h5- n- o
Figure 15
(C6H5)2C=CH2 + 3C6H5NO -----   (C6H5)2C=NC6H5 + c6h5n=nc6h5
.0 .0
Figure 16
Nitrones have become important intermediates in a wide range of 
organic syntheses. Some of the more prominent pathways in which 
nitrones figure include rearrangements, oxidations, reductions, 1,3 dipolar 
cycloadditions, and reactions with electrophiles, nucleophiles, and 
organometallic species.
Amides are the primary product that arises from nitrone 
rearrangements. Amides can be generated via an oxaziridine intermediate, 
which is a rearrangement product in itself. The initial rearrangement to an 
oxaziridine, followed by the formation of the amide can be seen in Figure
Another route to the formation of amides is through a base catalyzed 
rearrangement. In such a reaction a sodium alkoxide anion attacks the
i
O
h c o n r2
A RCONHR
Figure 17
carbon alpha to the nitrogen, displacing the pi electrons onto the nitrogen. 
The anionic oxygen is then protonated followed by the elimination of water. 
This 'OH group then proceeds to attack the a-carbon, once again 
displacing the pi electrons onto the nitrogen making it anionic. These 
electrons then reform the pi system to eliminate the original alkoxide anion 
creating the enol form of the amide (4). This is illustrated in Figure 18.
Oxidation of nitrones has been accomplished with a variety of 
reagents. Lead tetraacetate has oxidized a pyrroline nitrone derivative to 
N-acetoxy-2-pyrrolidone (11). Similarly, pyrroline N-oxides have been 
oxidized to hydroxamic acids via iron (III) salts (12). Finally, the hydrated
nitrosobenzene with periodate (13). Oxidation of nitrones has also been 
accomplished with selenium dioxide, ozone, and photooxidation (4).
As readily as nitrones can be oxidized, they can also be reduced. 
Products of reductions include radical anions, hydroxylamines, amines, and
RCONHR
HO
R
;c =n r1
Figure 18
form of a-benzoyl N-phenylnitrone is easily oxidized to benzoic acid and
11
the deoxygenated nitrone. The radical anion can be made by a single 
electron reduction with sodium metal. a,a-N-triphenylnitrone has been 
reduced in this manner to yield the species in Figure 19 (14).
Reduction with metal hydrides such as lithium aluminum hydride, and 
sodium or potassium borohydride produces both hydroxylamines and 
amines. Deoxygenation is usually accomplished with trivalent phosphorus 
compounds (e.g. phosphorus trichloride, phosphines, and phosphites). An 
example of such a reaction is seen in Figure 20 (4).
Nitrones are probably best known for the part they play in 1,3-dipolar 
cycloadditions. These reactions take place between a 1,3-dipole, in this 
case the nitrone, and a multiple C-C bond system known as the 1,3- 
dipolarophile. A general example of a 1,3-dipolar cycloaddition is given in
Ph2C—NPh
o- Na+
Figure 19
R C H =N -R  + r3?I
0_
RCH=NR + R3PO
Figure 20
Figure 21.
Figure 21
r2v n
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The product is known as an isoxazolidine.
The mechanism for this reaction has undergone much debate. One 
hypothesis is that the reaction is a concerted process where the sigma 
bonds are formed simultaneously (15). A second hypothesis has the 
reaction proceeding in two steps. The first step yields a diradical and the 
second involves coupling of the diradical to complete the cyclization (16). 
A third theory has a two step process going through a zwitterionic 
intermediate (15). Most evidence says the reaction proceeds through the 
concerted mechanism. All three mechanisms are depicted in Figure 22.
+
d=e
Mechanism 1
+
d—e
f  Mechanism 2 
d—e
+
+
d=e
a\ /C Mechanism 3 
d—e
Figure 22
From the structure of nitrones it is obvious that they can behave as 
both oxygen and carbon nucleophiles. As an oxygen nucleophile, nitrones
can react with acid derivatives. For example, a.N-diphenylnitrone reacts 
with phosgene to give the ortho chlorinated imine in Figure 23 (17). As a 
carbon nucleophile, nitrones undergo aldol-like condensations in basic 
conditions.
Nitrones also react with nucleophiles and organometallic compounds. 
The most obvious of the reactions with nucleophiles is that of a nitrone with 
water which yields the corresponding N-substituted hydroxylamine and 
carbonyl compound (4). This is simply the reverse of the reaction used to 
synthesize nitrones. Reactions with organometallic compounds have not 
been studied as extensively as other nitrone reactions. However, nitrones 
react with Grignard reagents to yield N,N-disubstituted hydroxylamines. 
Isolation of these hydroxylamines is difficult as oxidation occurs yielding 
stable nitroxide radicals (18). Also, organozinc compounds undergo a 
Reformatzky-like reaction with nitrones to produce isoxazolidinones, and 
organocopper reagents yield /Mactams upon reaction with nitrones (18).
N=CHPh
'Cl
Figure 23
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HYDROXY LAMINES
Hydroxylamines, otherwise known as amino alcohols, and their 
derivatives have the basic structural formula of R2NOR, where R can be 
alkyl, aryl, or a hydrogen. If the formula is RNHOH, then the structure is 
referred to as an N-monosubstituted hydroxylamine; if it is R2NOH then it 
is N,N-disubstituted; or if it is H2NOR, then it is O-substituted. Any 
combination of the O- and N-substitutions can occur.
N-Monosubstituted hydroxylamines have been synthesized in a 
variety of ways. The most common method is by reducing a nitro group. 
This is usually done with zinc dust in aqueous ammonium chloride. Other 
methods include the hydrolysis of a nitrone back to a carbonyl compound 
and a hydroxylamine (Figure 24), reduction of an oxime via hydrogenation 
(Figure 25) (19), the addition of an H2NOH onto an active carbon-carbon 
double bond (Figure 26) (20), or the substitution of a hydroxy, alkoxy, 
halogen, amine, or nitro group on an aromatic ring with H2NOH (Figure 27)
(22). The production of mono-substituted hydroxylamines is also made 
possible through the use of electrochemical reduction, diborane reactions, 
and aluminum amalgams (21).
9
■ W >  Hz __-  H'NHOH + R-CH
H' 'r>
Figure 24
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R H, 9
,C=NOH — — -  HC-NHOH
R Pt ^
Figure 25
H,NOH 9 9
R-C=CH2 — --------- R-C-C-NHOH
i'i 1 1H H H
R = CO, r 'o o c ,  o 2n, S02 
Figure 26
< M l ~  N° '  NHjOH 0 iN
-H3COH
OChU ^  NHOH
Figure 27
However, one disadvantage to any of these methods of preparation are the 
possible side reactions that can occur.
N,N-Disubstituted hydroxylamines can be obtained from a myriad of 
methods. Organometallic compounds like Grignard reagents are reacted 
with N-O containing compounds such as nitrosyl chloride, nitrogen dioxide
(23), alkyl nitrites, and nitrites (24) to form dialkylhydroxylamines. One 
example of this is the reaction of ethylnitrite with a Grignard reagent as 
seen in Figure 28.
16
C2H5ONO + CH3Mgl -—> (CH3)2NOH
Figure 28
However, when nitroalkanes are reacted with Grignards, two
hydroxylamines are formed as seen in Figure 29 (23).
EtMgBr + CH3N 02 > Et(Me)NOH + Et(n-Pr)NOH
Figure 29
Unfortunately, the mechanism for this reaction is not known. The side 
reactions of the process from amines, oximes, nitrones, hydrazines, azo, 
and azoxy compounds.
A second widely used method for the formation of disubstituted 
hydroxylamines is the pyrolysis of trialkylamine oxides. This is known as 
a Cope elimination where an olefin is produced along with the
hydroxylamine. However, if there is more than one type of alkyl group on
the amine oxide, then more than one hydroxylamine will form. An example 
of this is seen in Figure 30 (25).
O' OH OH
n-Pr—N—Et — —■■■*■ n-Pr—A—Et + Et—N—Et + CH2CH2 + CH3CHCH2 
Et
Figure 30
The oxidation of secondary amines with hydrogen peroxide is yet another
17
means of producing N,N-disubstituted hydroxylamines. However, yields are 
usually low, making this method unreliable (23). Direct alkylation of 
monosubstituted hydroxylamines and dialkylation of hydroxylamine 
(H2NOH) are other pathways to N,N-disubstituted hydroxylamines. If 
hydroxylamine is treated with an alkyl halide in an alcoholic solution, both 
the mono- and disubstituted hydroxylamines are formed (23). Finally, 
nitrones can be reduced to disubstituted hydroxylamines via lithium 
aluminum hydride, potassium borohydride, and catalytic hydrogenation. 
An example is seen in Figure 31 (26).
P \  P
,C=N 
H + CH(CH3)3
LAH H -C -N
^  CH(CH3)3
Figure 31
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CHAPTER TWO 
BORON REARRANGEMENT REACTIONS
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BORON REARRANGEMENT REACTIONS
Rearrangements are common in organoborane chemistry. Trivalent 
boron species act as electrophiles because of their low-lying empty p 
orbital. There are three primary types of rearrangements (1). In the first of 
these an organic group that is attached to a boron atom is transferred to 
an adjacent heteroatom, i.e. a halogen, nitrogen, oxygen, sulfur, or 
selenium. The second type of rearrangement involves the transfer of an 
alkyl group from a boron atom to an adjacent carbon thereby creating a C- 
C bond. The final type of reaction involves the transfer of organic groups 
other than alkyls. These include reactions between alkylthio- and 
dialkylaminoboron compounds with carbonyl compounds.
Of the above possible rearrangements, the one of primary concern 
to this thesis and the greatest synthetic potential involves the transfer of a 
simple alkyl group to form a new C-C bond. For this class of reaction there 
are three mechanistic pathways to consider. The first involves a radical 
chain reaction, the second deals with /?,y-unsaturated organoborane 
compounds which undergo pericyclic reactions, and the third involves a 
1,2 rearrangement where an organic group migrates from a tetravalent 
boron with a negative charge to an adjacent atom which contains a leaving 
group or an electron deficient site.
The first of these, the radical chain reactions, occurs by two
20
processes: bimolecular homolytic substitution (SH2), and a-hydrogen
abstraction. One useful SH2 reaction is the autooxidation of
organoboranes to yield alkylperoxides as shown in Figure 32 (1).
ROO* +  BR3 ----------  R O O B R 2 +  R “
0 2 +  R* --------- - ROO*
Figure 32
a-Hydrogen abstraction reactions are used mostly in the formation of a- 
bromoalkylboron compounds.
The rearrangements involved in the second pathway are interesting 
because they lead to a mixture of reaction products. For example, if 
synthesis of a specific geometrical isomer of tricrotylborane were attempted, 
the isomeric ratios would be about the same despite the reaction conditions 
employed because of the seemingly uncontrollable isomerization of the 
boranes. This is depicted in Figure 33.
Figure 33
An example of the rearrangement that occurs is the hydration of 
tricrotylborane which yields 1-butene as opposed to 2-butene as shown in 
Figure 34.
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(C4H7)2B ^ A ----- f j \  + (C4H7)2BOH
Figure 34
The third pathway, 1,2-rearrangements, is most relevant to the 
research described herein. There are three possible means to achieve the 
conditions necessary for this rearrangement to occur: 1) the organoborane 
has a leaving group a to the boron atom, 2) treating the organoborane with 
a reagent which possesses both a nucleophilic center and a leaving group 
or electron deficient site, and 3) treating the organoborate with an 
electrophile.
Organoboranes with a leaving group alpha to the boron atom can be 
treated with nucleophiles which attack the boron atom making it tetravalent. 
One of the organic groups on the boron can then migrate to the a-carbon 
displacing the leaving group as shown in Figure 35.
R B— CHR1
R Br
Nu
Figure 35
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One such example of this can be seen in the synthesis of 6-hydroxy-6- 
boraspiro-[4.5]decane (27) as illustrated in Figure 36.
Br<
OH
Figure 36
The bromination occurs selectively at the tertiary center. Once the bromine 
leaving group is in place, the rearrangement occurs with the addition of 
water which serves as a nucleophile. The rearrangement consists of the 
migration of the B-C bond to the bromine-substituted carbon.
This type of bromination with subsequent rearrangement followed by 
oxidation is also useful in the synthesis of tertiary alcohols (28). In such a 
reaction dialkylboronic acids are brominated in the presence of water via 
photolysis. Following the bromination, migration of an alkyl group from an 
alpha carbon to the boron atom occurs in the aqueous medium. Oxidation 
of this species then yields the alcohol (Figure 37).
B
I
OH
Br,
hv O r/ Br
OHI H„0
OH
OH
Figure 37
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Ketones can also be made from a-halovinylboranes (29). For 
example, when trans-a-iodovinylboranes are treated with sodium hydroxide 
the 1,2-disubstituted vinylboranes arise. Oxidation with hydrogen peroxide 
yields the corresponding ketone (Figure 38).
NaOH
R1
Figure 38
The second and most widely used method involving a 1,2- 
rearrangement occurs when an organoborane is treated with a reagent 
which has both a nucleophilic center and a leaving group or electron 
deficient site as illustrated in Figure 39.
R
R— B + 
R
+
•Y R— B— X— Y
R
\ B—XR + Y
Figure 39
In this mechanism the nucleophilic center attacks the boron making it 
tetravalent. An organic group then migrates from the boron to the newly 
attached group, displacing a leaving group.
24
The reagents used in this type of 1,2-rearrangement include ylides, 
anions possessing one leaving group, and nucleophilic centers attached to 
more than one leaving group. Rearrangements also occur with species that 
can not be grouped with the above reagents; they include the hydrogen 
peroxide anion and neutral species such as chloramine.
Several studies have been done concerning the 1,2-rearrangement 
with ylide reagents trimethylammonium methylide (30,31), dimethyloxo- 
sulfonium methylide (32), dimethylsulfonium methylide (33), and amine N- 
oxides (34,35). In a study by Musker (31) the addition of trialkylboranes to 
trimethylammonium methylide first resulted in a coordinated intermediate 
which was not isolable. The structure of this intermediate, (CH3)3N+CH2B’ 
R3, was determined by identifying the products that arose from a migration 
followed by oxidation with hydrogen peroxide. This yields trimethyl amine, 
boronic acid, and the corresponding alcohols (30), as depicted in Figure
In the reaction of tri-n-heptylborane with dimethyloxosulfonium methylide, 
CH2+SO(CH3)2 (32), three different alcohols were formed upon oxidation
(CH3)3N + RCH2BR2 
c h 3 r
RCH2OH + 2ROH + 
B(OH)3 + <CH3)3N
Figure 40
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of the intermediate in the following yields: 69% 1-heptanoi, 25% 1-octanol, 
and 6% 1-nonanol. The proposed mechanism for this doubly homologated 
alcohol, 1-nonanol, involves two successive rearrangements (32). This is 
shown in Figure 41.
R38  ♦ CH,*SO(CH3)2 RjB— CH2— *SO<CH3)r r 2bch2r
RjSC^R + CH2*SO(CH3)2
I k
R2B<CH2)2R
R
RB'CHj— ‘SO(CH3)2-
Figure 41
RB(CH2rt)j
A later study (33) found that this double homologation does not occur 
when the ylide is dimethylsulfonium methylide, CH2S+(CH3)2.
In 1966 a report stated that the anhydrous N-oxides of amines could 
serve as agents in the oxidation of trialkylboranes yielding trialkylborates 
(34).
R3B + 3 O-^NR^ —  > B(OR3)3 + NR13 
The fact that the N-oxide dihydrate would accomplish the same end was 
discovered later (35). This discovery was useful because the anhydrous N- 
oxide was tedious to make and the dihydrate was commercially available. 
Further hydrolysis of the trialkylborates leads to the corresponding alcohols.
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Most of the carbanions which have been used as nucleophiles are 
lithium salts. Adjacent to the ionic carbon is either a leaving group, 
electron deficient site, or both. An adjacent electron deficient site plays an 
important role in the reaction of vinyllithium with a trialkyIborane (36). In 
this reaction, the migrating alkyl group transfers the p i electrons to the 
terminal methylene group which is then protonated under reaction 
conditions. Upon oxidation with peroxide, the secondary alcohol is formed 
(Figure 42).
R3B + UCH =CH2 ------ - [R2B— CH - o y  Li+ — —   ------ R ~ C H -C H 3
c 1 NaOH I
R OH
Figure 42
An example of a nucleophile possessing an internal leaving group is the 
alkylation of an a-bromosulfonyl compound (37). The anion is reacted with 
a trialkylborane which then undergoes the subsequent rearrangement with 
the bromine acting as the leaving group. Alcoholysis yields the a-alkylated
sulfonyl derivative (Figure 43).
BrjjCHaSOaY + t-BuO'K*    K^CHBrSOaY + t-BuOH
R3B + K^CHBrSOaY ----------  K+[R3BCHBrSC>2Y]
KTR3BCHBrS02Y]  -R2BCHSO2Y + KBr
R
R2BCHSO2Y + t-BuOH ----------- RCHaSOsY + t-BuOBR2
R Figure 43
27
Carbanions can also possess both a leaving group and an electron 
deficient site. One reaction in which this situation is useful concerns the 
synthesis of allenic boranes and acetylenes. An illustration of this is the 
reaction between ethynylalkanol acetates and trialkylboranes (38). When 
the alkyl group migrates from the boron to the alpha carbon, two pi 
electrons from the triple bond shift to the adjacent carbon thereby 
discharging the acetate leaving group. This forms the allenic borane which, 
when reacted with water, forms the corresponding acetylene as seen in 
Figure 44.
OAc OAc Rn JR
LiC-C-CR2 + R3B --------   U[R2BC»C-CR2]   £ = C=C    RC-CCHR2
r 2b  r
Figure 44
The final example of a reagent with a nucleophilic center and both a leaving 
group and electron deficient center is particularly interesting. This is due 
to the fact that the reagents can give rise to two different products. These 
products, homopropargylic and a-allenic alcohols, arise from the 
isomerization of the allenic borane at different temperatures (39). The 
allenic borane arises from the reaction and subsequent rearrangement 
between lithium chloropropargylide and a trialkylborane. Here the chlorine 
acts as the leaving group. At 25°C the allenic borane isomerizes to the 
propargylic borane. Upon reaction with an aldehyde followed by oxidation,
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the allenic borane yields the homopropargylic alcohol; under the same 
reaction conditions, the propargylic borane yields the a-allenic alcohol. This 
reaction is illustrated in Figure 45.
R H .
Lf
rfJ Cci
R,B
-90C
Rv 25C
^C=C=CH2 —
1.R’CHO,-78C
2. [O]
RC— OCHaO-KObOR1
r c « c c h 2br2
1 .r 'CHO, -78C
2. (0 ]
r \ ^ c = c = c h 2
OH
Figure 45
Multiple migrations arise when the nucleophilic center is attached to 
more than one leaving group. An excellent example of this is the reaction 
of trialkylboranes with the carbanion generated from dichloromethyl methyl 
ether (DCME) as seen in Figure 46.
ft Cl
R3B ♦ CCljOCHj *  t —NlR— B— G—  OCHj-
IR 4CI Cl
B C^l
0 — B— OCrt.- I I 
Cl R Cl
— C—  R + OCR,
Cl
CH,Q
—  C—  R ♦ Cl’
I
Rgure 46
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In this reaction there are three possible leaving groups. After the migration 
of each alkyl group and the subsequent discharge of the leaving group, the 
boron is once again open to attack by a nucleophile. In this case, the 
leaving groups make excellent nucleophiles which attack the boron atom. 
This makes it tetravalent again which gives rise to another migration. 
Oxidation of the boron intermediates yield tertiary alcohols (40,41) which 
can be difficult to obtain using other procedures.
Two other reactions which follow the same mechanistic pathway of
1,2-rearrangements are the synthesis of boronic esters by the oxidation of 
trialkylboranes with hydrogen peroxide and the reaction of trialkylboranes 
with chloramine. The hydrogen peroxide anion, OOH, attacks the boron 
atom making it tetravalent. An alkyl group then migrates from the boron to 
the a-oxygen which discharges a hydroxide ion (2). In the case of 
chloramine, the lone pair electrons on the nitrogen attack the boron. 
Migration of an alkyl group to the nitrogen follows with the release of 
chloride.
The final process possible via 1,2-rearrangement, deals with the 
boron component of the reaction acting as a nucleophilic species which 
attacks an electrophile. The nucleophilic tetrahedral borate is generally 
formed by the reaction of an alkynyllithium species with a trialkylborane to 
form a lithium alkynyltrialkylborate salt, Li+[R13B*CsCR2]. This species is
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referred to as the ’ate’ complex (42). One should note that alkynyllithium 
species are not the only reagents used in the synthesis of a nucleophilic 
borane species, but they seem to be the most widely utilized. Alkyl, 
alkenyl, and aryl lithium reagents are also employed.
These species are nucleophilic and relatively stable if they do not 
possess a leaving group which could result in a rearrangement discussed 
in the previous section. However, when an electrophile is introduced into 
the system, an alkyl group from the boron migrates to the alpha carbon; 
the pi electrons then attack the electrophile (Figure 47).
Using the borate as a nucleophile is valuable in the synthesis of olefins, 
ketones, diynes, acetylenes, and alcohols. This is accomplished via 
alkylation, acylation, protonation, iodonation, or a combination of these in 
some cases.
Alkylation of a lithium alkynyltrialkyI borate salt has been used in the 
synthesis of substituted ketone (43). This has been accomplished using
R
Figure 47
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trihexy I borane and 1 -octyne to form the borate salt which was then reacted 
with the electrophilic alkylating agent allylbromide to form the 
alkenylborane. Oxidation of this species yields the corresponding ketone 
as depicted in Figure 48.
Internal or terminal alkynes can be converted to secondary or tertiary 
alcohols via the same basic mechanism (44). Hydroboration of the alkyne 
with a dialkylborane yields a dialkylalkenylborane. When this species is 
treated with methyllithium, the boronate salt, lithium dialkylmethylvinyl- 
boronate is formed. When hydrogen chloride or methylsulfonic acid is 
added to induce the rearrangement, an alkyl group migrates from the boron 
to the alpha carbon which causes the pi electrons to attack the electrophile 
which is a proton from the acid. Oxidation with alkaline hydrogen peroxide 
yields the corresponding alcohol.
c/s-Olefins have been synthesized via the hydroboration-iodinationof 
alkynes (45). Vinylboranes are produced by the hydroboration of an alkyne 
with a dialkylborane. This species is then treated with iodine in sodium
R 3B + LiC - CR'i2
R1 = hexyl; R2 = hexyl; R ^  = CH2 = € H C H 2Br
Figure 48
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hydroxide. An example of this is the vinylborane derived from 1-hexyne 
and dicyclohexylborane (Figure 49).
0 - *
> BH + HC=CBu NaOH Q,c=c: BuH H
Figure 49
The mechanism that has been rationalized for this is slightly different than 
the previous examples because the borane never becomes tetravalent. The 
proposed mechanism has migration assisted by base or solvent. Following 
the migration the /?-iodoorganoborane undergoes spontaneous 
deboronoiodination to yield the cis olefin illustrated in Figure 50.
This brief discussion of rearrangements of trialkylboranes, specifically
1,2-rearrangements, serves as an introduction to the work described in the 
following chapters. This work involves similar rearrangements of
2
Figure 50
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trialkylboranes. However, these rearrangements are best explained by a 
1,4-mechanism.
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CHAPTER THREE 
RESULTS AND DISCUSSION
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RESULTS AND DISCUSSION
In this research, two nitrones, a,N-diphenylnitrone and 2,3,4,5- 
tetrahydropyridine N-oxide, were reacted with commercially available 
trialkylboranes to form N,N-disubstituted hydroxylamines. The generation 
of the hydroxylamines occurred via a novel rearrangement reaction; this 
reaction yielded a new chiral center and C-C bond. Once formed, the 
hydroxylamines were then isolated and characterized.
The first nitrone used was a,N-diphenylnitrone (46). The synthesis 
of diphenylnitrone begins with the preparation of N-phenylhydroxylamine 
(47, 48). The procedure used in this laboratory is one that has been altered 
slightly from that of the literature because low yields consistently plagued 
us. The different procedures used by Kamm and Cummings involve the 
reduction of nitrobenzene in an aqueous solution of ammonium chloride 
with zinc dust. The modifications employed in our laboratory are seen in 
the workup of the reaction mixture.
Preparation of a,N-diphenylnitrone (46) is accomplished via a 
condensation reaction between N-phenylhydroxylamine and benzaldehyde. 
This is done by dissolving the hydroxylamine in minimal amounts of ethanol 
and adding an equimolar amount of freshly distilled benzaldehyde dropwise 
to the solution. Both the phenylhydroxylamine (Figure 51) and the 
diphenylnitrone (Figure 52) have been characterized via proton NMR. The
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spectral data can be seen in Tables 1 and 2 respectively, h 
N H fiO H 7 4' V = 5\
Figure 52 ^
Hydrogen Chemical Shift
H, 7.78
H2 (2H) 8.36 - 8.44
H3 (2H), H4 7.42 - 7.49
H5 (2H) 7.73 - 7.79
He (2H), H7 7.42 - 7.49 |
Hydrogen Chemical Shift
H lt Hs, H3 7.00
Xwl
X
7.30
H«’ Hr . 5.8 - 6.6
Table 1 Table 2
The preparation of the second nitrone, 2,3,4,5-tetrahydropyridine N- 
oxide (49), involves the synthesis of two starting materials, N- 
hydroxypiperidine (50) and mercuric oxide (HgO) (51). In our laboratory, 
the procedure found in the literature for the formation of N- 
hydroxypiperidine was followed closely. It involves the oxidation of a 
tertiary amine to the amine oxide, followed by a Cope elimination of an 
olefin to form the hydroxylamine. The preparation of yellow mercuric 
oxide, Hg(ll)0 (51), in the literature does not follow quite as stringent a 
procedure. The general procedure used in our laboratory is the addition 
of sodium hydroxide to an aqueous solution of HgCI2 at 0°C. 2,3,4,5- 
Tetrahydropyridine N-oxide (49) was prepared by the literature procedure.
Two problems were encountered in the synthesis of this nitrone. The 
first was the total removal of mercury from suspension. When the filtrate 
was concentrated, particulate mercury began to fall from the solution. Even 
when this was removed, mercury continued to fall out of suspension. 
Another method used to aid in the removal of the mercury was centrifuge. 
However, this was time consuming and not entirely effective. The mixture 
was also filtered through silica gel on a pad of Celite. This process lowered 
yields of nitrone, therefore it was discontinued and slow filtration through 
Celite was the settled upon method.
The second problem was dimerization of the nitrone. Upon 
formation, the nitrone monomer begins to dimerize in a [4+4] addition
producing the species shown in Figure 53. 
However, the conversion to dimer was not 
complete. The two species were in 
equilibrium. Fortunately, 
equilibration was slow, and the monomer 
could be used immediately upon formation. Any spectral experiments that 
were to be done on this nitrone needed to be done as soon as the 
synthesis was completed. Obtaining a satisfactory GC/MS of this nitrone 
was difficult because the sample was heated upon injection, which 
increased the rate of dimer formation. Since there seemed to be no way
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Figure 53
to solve this problem, the nitrone was used as a mixture of monomer and 
dimer. This was done in the hopes that as monomer was consumed in the 
reaction, the dimer would convert back to monomer in accordance with 
LeChatlier’s principle.
Kliegel has carried out reactions between nitrones and organoborane 
species (52,53), forming seven membered heterocycles with B,N-betaine 
structures as seen in Figure 54. However, there has been no previous
report of reactions between nitrones and trialkylboranes. In this work each 
nitrone, a.N-diphenylnitrone and 2,3,4,5-tetrahydropyridine N-oxide, was 
individually reacted with three trialkylboranes: triethylborane, tributylborane, 
and tri-sec-butylborane. Following each reaction, the resulting mixture was 
hydrolyzed and the N,N-disubstituted hydroxylamine isolated. The end 
product of these reactions were six different hydroxylamines (Figure 55). 
Those derived from the a,N-diphenylnitrone are N-phenyl-N-(1- 
phenylpropyl)-, N-phenyl-N-(l-phenylpentyl)-, and N-phenyl-N-(1-phenyl-2- 
methylbutyl)-N-hydroxylamine. The hydroxylamines produced from 2,3,4,5
r
Figure 54
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s-
Bu
3B
-tetrahydropyridine N-oxide are ail piperidine derivatives. They are 2-ethyl-, 
2-butyl-, and 2-(1-methylpropyl)-1-hydroxypiperidine.
The general procedure forthe synthesis of these hydroxylamines was 
relatively simple. The nitrone was added to a sealed tube which was then 
equipped with a septum. A commercial solution of trialkylborane in THF 
was added via a syringe and the septum replaced with the screw cap for 
the sealed tube. No additional solvent was added. The tube was then 
placed in an oil bath at 110°C for a period of 5 to 15 hours. The reaction 
could be completed in a 5 hour period, but for convenience the reaction 
was at times allowed to continue overnight with no adverse effects. The 
reaction vessel was cooled and the volume doubled with water. Then 
sodium hydroxide pellets were added to the solution which was stirred for 
four hours. When the hydrolysis was complete, the reaction mixture was 
transferred to a separatory funnel. The aqueous phase was extracted with 
methylene chloride. The organic phases were combined and the solvent 
removed under reduced pressure. The crude mixture was then subjected 
to GC/MS analysis.
There are two things to note concerning the synthesis of these 
hydroxylamines. When the synthesis of the a,N-diphenylnitrone derivatives 
was first attempted, the reaction was carried out in methylene chloride. The 
reaction mixture was brought to reflux and allowed to react overnight. This
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method provided low yields of the hydroxylamines probably because the 
boiling point of methylene chloride, 40°C, did not allow sufficient heating to 
drive the reaction. Hence, we moved to sealed tube reactions which could 
be heated to higher temperatures. The second point concerns the 
hydrolysis of the 2,3,4,5-tetrahydropyridine N-oxide derivatives. At first, 
sodium hydroxide and methanol were added to the reaction mixture. This 
solution was then heated to reflux for 5 hours. GC/MS analysis of the crude 
organic mixture showed that desired product appeared. The procedure 
used in the diphenylnitrone derivatives was then attempted with an 
increased amount of sodium hydroxide. This was successful.
When the synthesis of the hydroxylamines derived from a,N- 
diphenylnitrone was first attempted a 3:2 ratio of nitrone to trialkylborane 
was tried. However, gas chromatographic analysis of the end reaction 
mixture showed an incredible excess of the starting nitrone. The next 
attempt was made with a 1:1 ratio of nitrone to borane. The analysis of this 
mixture showed that the excess of nitrone decreased considerably. The 
next procedure was carried out at a ratio 3:4 of nitrone to trialkylborane. 
Surprisingly, this ratio was the most profitable of those tried as there was 
no excess nitrone to be found via gas chromatographic analysis.
Different ratios were attempted for the piperidine hydroxylamines as 
weil. At first a 3:1 (nitrone:borane) ratio was used. This proved to yield
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little product and much excess nitrone. A 2.5:1 ratio (nitrone.borane) gave 
excess nitrone, however, it was better than the 3:1 ratio. The final ratio 
attempted 2:1 (nitrone:borane) proved to be the most efficient as there was 
no excess nitrone in the reaction mixture.
The proposed mechanism for this reaction involves a rearrangement 
reaction which has not before been seen in the literature. The oxygen on 
the nitrone is the nucleophilic species and the boron is the electrophile. 
The negative charge on the oxygen attacks the boron’s empty p orbital of 
the trialkylborane. Now the boron is tetravalent, therefore negatively 
charged. Next, one of the alkyl groups migrates from the boron atom to 
the carbon end of the pi system of the nitrone, causing the pi electrons to 
move onto the nitrogen atom. Two more equivalents of nitrone attack the 
boron atom causing this rearrangement to occur twice more. When the 
species is treated with aqueous sodium hydroxide, the B-0 bonds are 
cleaved and the oxygen is protonated. This leaves the hydroxylamines with 
their new chiral center and C-C bond and boric acid. The mechanism is 
seen in Figure 56.
This proposed mechanism bears the closest resemblance to the well 
known 1,2 rearrangements that are commonplace with trialkylboranes. In 
the 1,2 rearrangements a nucleophilic species containing a leaving group 
or an electron deficient center attacks the boron of the trialkylborane. An
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alkyl group then migrates from the tetravalent boron to the a-carbon either 
discharging a leaving group or displacing pi electrons. This is virtually the 
same case for the present research. However, instead of the 
rearrangement being 1,2 it appears to be 1,4. This is should not a 
surprising fact though. Since the tetravalent boron is not a stable species, 
it is reasonable to believe that the alkyl group does a 1,4 migration to 
relieve this instability.
In the proposed mechanism it is interesting to note that the final ratio 
of hydroxylamineto boric acid is 3:1. Therefore, the starting ratio of nitrone 
to trialkylborane should be 3:1 as well. In reality this was not the case. 
One reason for the ratio difference could be electronic factors including 
induction and resonance which would decrease the reactivity of the boron 
as nitrone addition proceeds. Another reason could be steric hinderences 
and congestion around the boron atom. Both of these reasons could result 
in the migration of only one or two alkyl groups from each trialkylborane.
Purification of the resulting hydroxylamines was the most significant 
barrier in this research. Column chromatography on silica gel was first 
attempted. However, the separation obtained was not sufficient for 
purification purposes. Recrystallizations were attempted with several 
solvent systems, but did not work for either hydroxylamine. Hexanes and 
ethyl acetate, cyclohexane and ethyl acetate, and diethyl ether and
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methylene chloride were among those attempted. The few crystals that did 
form were mostly impurities. The hydroxylamines were present in solution 
with the impurities that did not recrystallize. The method which proved 
successful was preparative gas chromatography. Both types of 
hydroxy lam ine could be purified by this method. The precise parameters 
used for this process can be found in the next chapter.
N-phenyl-N-(1-phenylpropyl)-N-hydroxylamine was formed by the 
reaction of diphenylnitrone and triethylborane. Proton and carbon NMR 
analyses (Appendix, Spectra 7,8) are summarized in Table 3 and 4 
respectively. Figure 56 shows the proton assignments and Figure 57 
shows the carbon assignments.
Figure 57 Figure 58
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c <3
1 59.69
2 31.64
3 10.81
4,8 143.89
147.48
5,6,
9,10
129.04
128.45 
126.89
126.45
117.08
113.21
’H PPM Splittings J(Hz) Integration
H, 4.21 t 6.65 1
h 2 1.81 m 2
h 3 0.94 t 7.38 3
H4.Hs 7.19- m 5
He 7.33
H 7.H 8. 6.50 d 7.99 2
H O 7.06 t 7.72 2
6.61 t 7.26 1
H10 4.05 br, s 1
Table 3 Table 4
The protons at position 1 represent the methine group attached to the 
nitrogen and an aromatic ring. It is shifted downfield, at 4.21, because it 
is alpha to the electronegative atom, the nitrogen. The methylene 
hydrogens at position 2 are diastereotopic therefore, their splittings are 
much more complex than would be expected from first principles and show 
up as a multiplet at 1.81 ppm. The methyl group hydrogens show up as 
a triplet furthest upfield at 0.94 ppm. All the aromatic hydrogens are 
accounted for in the region between 6.50 ppm and 7.33 ppm. Finally, the 
hydroxy group hydrogen shows up as a broad singlet at 4.05 ppm.
Due to the similar shifts in the carbon spectrum, the assignments are 
more or less tentative. However, some carbons can be assigned with some 
certainty. The methyl, methylene, and methine carbons appear at 10.81, 
31.64, and 59.69 ppm respectively. The methine carbon is again furthest 
downfield of this group due to its position relative to the nitrogen. Carbons
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four and eight are the furthest downfield. This can be said with confidence 
based on their intensity and the fact that they are both members of an 
aromatic ring. Their intensity gives them away according to the Nuclear 
Overhausser Effect (NOE). The remaining carbons belong to the aromatic 
rings.
Mass spectral data (Appendix Spectrum 6 ), is included in Table 5. 
A common characteristic of hydroxylamine mass spectra is the M-16 peak 
which represents the loss of the hydroxyl group. In this hydroxylamine, the 
m/z of 211 represents the M-16 peak where M is 227. M/Z of 182
M/Z ABUNDANCE
211 12%
182 100%
104 10%
91 20%
77 19%
fable 5
represents the loss of the ethyl group; m/z 104 represents the loss of an 
aromatic ring; m/z 91 shows the loss of the nitrogen and the remaining m/z 
of 77 is the final aromatic ring.
N-phenyl-N-(1-phenylpentyl)-N-hydroxylamine is synthesized from 
diphenylnitrone and tributylborane. The proton spectrum (Appendix 
Spectrum 1 1 ) summarized in Table 6  and Figure 58 is very similar to that 
of the previous hydroxylamine. The methyl protons are a triplet at 0.87
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Figure 59
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H PPM I Splittings J<HZ) Integration
H, 0 87 i 1 6 83 3
H,.H, 1 35 m 4
H, 1 76 m 2
H* 4 27 | l 6.70 1
H..H,
H,
7.06
6.49
6 6 0
t
d
i
6.96
6.49
6.58
2
2
I
H,,
7.17- 
7 31
m 5
H., 4 05 s 1
Table 6
ppm, the methylene protons at positions 2 and 3 overlap in the spectrum 
therefore their splittings can not be distinguished. The methine hydrogen 
is again characteristic because of its downfield shift at 4.70 ppm. The 
aromatic hydrogens are accounted for in the region between 6.49 - 7.31 
ppm. The hydroxyl group proton is seen a 4.05 ppm as a broad singlet.
The carbon spectrum (Appendix Spectrum 1 2 ), again accounted for 
all the carbons in the system. Figure 59 shows the carbon assignments 
and Table 7 shows the chemical shifts for each carbon. The alkyl carbons 
are furthest upfield and the aromatic carbons are downfield. The 
assignments for the aromatic and methylene carbons are tentative but the 
methyl and methine carbons can be assigned with some certainty.
i
OH
i*
C 6
1 13.96
2.3.4 22.58
28.58 
38.63
5 58.19
6.10 144 30 
147.46
7,8.
11.12
128.47
126.33
129.03
128.78
8 126.33
9.13 113.17
116.92
Figure 60 Table 7
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The mass spectral (Appendix Spectrum 1 0 ), data for this 
hydroxylamine is seen in Table 8 . M/Z of 239 is the representative M-16 
peak and m/z 182 represents the loss of the butyl group. From this point 
on the splittings are identical to the previous case.
M/Z ABUNDANCE
239 8%
182 100%
104 12%
91 20%
77 21%
Table 8
N-phenyl-(1-phenyl-2-methylbutyl)-N-hydroxylaminewas synthesized 
from the a.N-diphenylnitrone and tri-sec-butylborane (Figure 60). Because 
the trialkylborane has a preexisting chiral center, the hydroxylamine formed 
will have two chiral centers formed: the one by the reaction and the one 
that came from the borane. Therefore, there is a mixture of diastereomers 
with which to deal (Appendix Spectrum 14). For this reason, the spectral 
data are not as easily assigned as in the previous examples. In the proton
NMR (Appendix Spectrum 15), there is 
overlap between most of the hydrogens 
which show up as multiplets. However, the 
methine hydrogens are separate and are 
seen at 4.18 ppm and 4.27 ppm as doublets.
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.OH
Figure 61
In the carbon spectrum (Appendix Spectrum 16), the main point to be 
gleaned is the duplicity of the peaks. In some cases there is exact overlap 
of the peaks, therefore the spectrum does not show a distinct peak for 
every carbon present in the diastereomeric mixture. The mass spectral 
data (Appendix Spectrum 14), for this compound is identical to that for N- 
phenyl-N-(1-phenylpentyl)-N-hydroxylamine.
The proton spectrum (Appendix Spectrum 19) for 2-ethyl-1-hydroxy- 
piperidine and the other piperidine derivatives does not provide as 
straightforward a picture as it did for the diphenylnitrone derivatives, but 
definite structural information can be gleaned from it. Figure 62 shows the 
proton assignments for this molecule and Table 9 gives a summation of the 
spectral data.
’H PPM Splittings J(Hz) Integration
H, 0.89 t 7.57 3
h 2.h 4,
H5,H8, 
I Hr«
1.03-
2.25
m 9
HU 2.50 t 11.41 1
H, 3.29 d 9.99 1
h 8 8.75 s 1
Figure 62 Table 9
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The protons at position one are the methyl hydrogens on the alkyl chain. 
Since this is a ring structure there is considerable overlap within the 
spectrum. It is for this reason that it is so difficult to make definite 
assignments. The protons at positions 2 ,4,5,6 , and 7a are accounted for 
in the multiplet between 1.03 - 2.25 ppm. The triplet at 2,50 ppm arises 
from hydrogen 7b which is coupled to the hydrogens at position 6  and 
hydrogen 7a. The doublet at 3.29 ppm arises from hydrogen 3. It should 
be noted that this is not a true doublet. It is very broad which is indicative 
of more splitting occurring than can be detected.
The carbon NMR (Appendix Spectrum 20) accounts for all the 
carbons in the molecule. Again, assignments are tentative (Figure 63, 
Table 10). It can be reasoned that the methyl carbon will be furthest upfield 
and the carbons alpha to the nitrogen will be furthest downfield.
I c
6
1 10.21
2,4.
5,6
23.80.
25.88,
25.68,
30.32
3,7 68.99,
59.80
Figure 63 Table 10
Mass spectral information (Appendix Spectrum 18) is shown in Table
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11. In this case there is an M peak at 129 m/z. The base peak of 100 m/z 
represents the loss of the ethyl group. The remainder of the splittings 
represent the cleavage of the ring system.
M/Z ABUNDANCE
129 4%
100 100%
I 83 4%
55 11%
Table 11
The proton NMR analysis (Appendix Spectrum 23) for 2-butyl-1- 
hydroxypiperidine provides us with as much information as that for the 2 - 
ethyl-1-hydroxylamine. Figure 64 and Table 12  show the molecule and its 
proton shifts. With the increased length in the alkyl chain there is more 
hydrogen overlap. Therefore the only hydrogens that can be assigned for
PPM Splittings Integration
H, 0.89 m 3
0.99- m 10
h 4,h 6.h 7, 1.84,
Ha-H*. 2.15, m 2
2.44 m 1
2.63 t 1
Hs 3.09 d 1
Figure 64 Table 12
the structures are protons 1, 5, and 9b. The explanation for these splittings 
is the same as in the previous discussion.
Carbon NMR analysis (Appendix Spectrum 24) accounts for the nine 
carbons that are present in the molecule as seen in Figure 65, Table 13. 
The carbons furthest upfield should be those from the alkyl chain; the
I c <5
1 14.25
2,3.
4.6,
7.8
22.99,
24.65,
26.02,
32.27,
28.18,
36.59
5.9 46.96 |
9
8
Figure 65 Table 13
carbons in the ring that are ft and y to the nitrogen should be the next 
furthest upfield; the carbons a to the nitrogen are furthest downfield.
Mass spectral analysis (Appendix Spectrum 22) is summarized in 
Table 14. For this molecule there is an M-16 peak which accounts for the
M/Z ABUNDANCE
141 2%
84 100%
56 13%
Table 14
loss of an oxygen atom. The base peak of 84 m/z represents the loss of
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the alkyl group. The remaining peaks result from the degradation of the 
ring.
2-(1-methylpropyl)-1-hydroxypiperidine is synthesized from 2,3,4,5- 
tetrahydropyridine N-oxide and tri-sec-butylborane. Unfortunately, due to 
the mixture of diastereomers, little structural definition can be obtained from 
the proton and carbon NMR analyses (Appendix Spectra 27, 28) of this 
compound. However, the mass spectrum (Appendix Spectrum 26) for each 
hydroxylamine is very similar to that for the 2 -butyl-1-hydroxypiperidine. 
There is also evidence for the hydroxy group from the 3374.4 cm '1 peak in 
the infrared spectrum (Appendix Spectrum 29). Therefore, unless the 
diastereomers can be separated, or a purified mixture of the two undergoes 
elemental analysis, definite points in the structure can not be confirmed.
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CONCLUSIONS
This research provides evidence that trialkylboranes react with 
nitrones to produce N,N-disubstituted hydroxylamines. As a result of this 
synthesis, the hydroxylamine has acquired a new C-C bond and a new 
chiral center. In the future, this reaction could be carried out with other 
nitrones and more complex triorganoboranes so that functional groups 
other than alkyl substituents could be attached to hydroxylamines.
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CHAPTER FOUR 
EXPERIMENTAL
57
EXPERIMENTAL
All analytical gas chromatography was done on a Hewlett Packard Series 
5890 GC equipped with an OV-1 capillary column; the attached mass 
spectrometer was a 5971A series. All carbon and proton NMR data was 
collected on a General Electric QE-300 MHz machine. Preparative gas 
chromatography was done on a Gow-Mac 550P series GC with a thermal 
conductivity detector. An eight foot column packed with OV-17 was used 
with a flow rate of 60 Ml/min. Elemental analysis was done by Galbraith 
Laboratories, Knoxville, Tennessee. All chemicals were purchased from 
Aldrich Chemical Company and used without further purification unless 
otherwise noted. Infrared spectrums were obtained on a Perkin-Elmer 1600 
Series Fourier transform IR.
N-PHENYLHYDROXYLAMINE:
In a 1000 mL three-neck, round bottom flask equipped with a stir bar 
and thermometer that stays in contact with the solution, add 160 mL of 
water, 10g (0.081 mol) of nitrobenzene, and 5g (0.10 mol) of ammonium 
chloride. Stir the solution vigorously to be sure that nitrobenzene beads do 
not form on the bottom of the flask. Over a 15-20 minute period add
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10.62g (0.162 mol) of zinc dust while stirring. The temperature will rise to 
about 50°C - 60°C. When the temperature begins to fall, filter the solution 
through a pad of Celite on a Buchner funnel. Rinse the reaction vessel with 
75 mL of hot water and pour the rinsing through the Buchner as well. Chill 
the filtrate in an ice water bath and saturate with sodium chloride. Transfer 
the solution to a separatory funnel and extract the aqueous phase with 300 
mL (3 x 100 mL) of methylene chloride. Transfer the organic phase to a 
500 mL round bottom flask and remove the solvent under reduced pressure 
until yellow crystals form. Dissolve the crystals in minimal amounts of 
CH2CI2 and place the flask in an ice bath. Add hexanes until the white 
crystalline N-phenyihydroxylamine precipitates from the solution. Collect 
the crystals on a Buchner funnel and wash with ice cold hexanes. Allow air 
to pull through the Buchner for another 5 minutes and transfer the crystals 
to a pre-weighed Erlenmeyer. This procedure yields 4.8g (0.0440 mol) of 
the N-phenylhydroxylamine which is 54% yield. Melting point 78-80°C. 
'HNMR: <5 7.00 (d, 3H, J = 7.66 Hz); <5 7.28 (t, 2H, J = 7.76 Hz).
a,N-DIPHENYLNITRONE:
In a beaker place 4.8g (0.0440 mol) N-phenylhydroxylamine and add 
8  mL of absolute ethanol. Dropwise add 4.664g (0.0440 mol) of freshly 
distilled benzaldehyde while swirling. Place the mixture in the refrigerator
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overnight. Collect the crystals on a Buchner funnel and rinse with 20 mL 
ice cold ether. Allow air to pull through the crystals for drying. This 
procedure produces 7.71 g (0.0392 mol) ofa,N-diphenylnitrone in 89% yield. 
Melting point 112-113°C. 1H NMR: d 7.42 - 7.49 (m, 6 H), 6 7.73 - 7.79 (m, 
2 H), 6  7.78 (s, 1 H), 6 8.36 - 8.44 (m, 2H); 13C NMR: <5 1 2 1 .6 8 , 128.56,
128.96, 129.08, 129.84, 130.60, 130.85, 134.51, 149.01. IR: 999.5, 1191.5,
1459.0, 1487.0, 1551.0, 1573.0, 1592.0, 3056.0 cm'1. MS: 181 amu 83%, 
180 amu (base peak) 100%, 152 amu 5%, 104 amu 11%, 77 amu 48%, 51 
amu 18%.
N-PHENYL-N-(1 -PHENYLPROPYL)-N-HYDROXYLAMINE:
To a sealed tube with a stirbar add 1 .0 0 g (5.076 mmol) of a,N- 
diphenylnitrone. Place a septum on the tube and flush with nitrogen. Add 
3.4 mL (3.4 mmol) of triethylborane (1.0M solution in THF) via syringe and 
quickly replace septum with screw cap for sealed tube. Place the tube in 
a 1 10°C oil bath and stir 16 hours. Cool the tube then add 1 0  mL of water 
and two pellets of sodium hydroxide. Allow to stir for four hours. Extract 
the aqueous layer with methylene chloride and remove the solvent from the 
organic layer under reduced pressure. This gives a yellowish oil. Yields in 
the crude mixture range from 47.3% - 81.8%. The crude mixture is purified 
via preparative gas chromatography. Each prep run yields between 5-
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10mg of pure hydroxylamine. The temperature program for this compound 
follows: Initial Temperature: 150°C, Initial Time: 15 min., Ramp: 47min, Final 
Temperature: 265°C, Final Time: 25 min.
'H NMR (CDCIj): <5 0.94 (t, 3H, J = 7.38 Hz), <5 1.81 (m, 2H), d 4.21 (t, 1H, 
J =  6.65), <5 6.50 (d, 2H, J = 7.99 Hz), <5 6.61 (t, 1 H, J =  7.26 Hz), <5 7.06 
(t, 2 H, J = 7.72 Hz), 6 7.19 - 7.33 (m, 5H), <5 4.05 (s, 1 H). ' 3C NMR (CDCI3): 
<3 10.81, d 31.64, 6 59.69, 6 113.21,6117.08, <5 126.45, <3 126.84, d 128.45, 
<5 129.04, (3 143.89, <5 147.48. Mass Spectrum: 211 amu 12%, 182 amu 
(base peak) 100%, 104 amu 10%, 91 amu 20%, 77 amu 19%. IR: 3410, 
3024, 2963, 1601 cm '. Elemental analysis: C15H,7NO Calc: C 79.26%, H 
7.54%, N 6.16% Observed: C 79.00%, H 7.76%, N 6.16%.
N-(PHENYL.)-N-(1-PHENYLPENTYL)-N-HYDROXYLAMINE:
The procedure, molar amounts and purification for this synthesis are 
identical to that of the previous hydroxylamine except that the borane used 
is tributylborane. Yields range from 47% - 74%. 'H NMR (CDCI3): <3 0.87 
(t, 3H, J =  6.83 Hz), <51.35 (m, 4H), d 1.76 (m, 2 H), <5 4.27 (t, 1 H, J = 6.70 
Hz), 5 6.49 (d, 2H, J =  7.43 Hz), <5 6.60 (t, 1H, J =  6.58 Hz), <5 7.06 (t, 2H, 
J =  6.96 Hz), <5 7.17 - 7.31 (m, 5H), <3 4.05 (s, 1H). 13C NMR (CDCy: <3
13.96, <5 22.58, <5 28.48, <5 38.63, <3 58.19, <5 113.17, 6 116.92, <5 126.33, <5 
126.78, <5 128.47, <5 129.03, <5 144.30, <5 147.46. IR: 3413, 3023, 2930,1601
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cm'1. Mass Spectrum: 239 amu 8 %, 182 amu (base peak) 100%, 104 amu 
12%, 91 amu 20%, 77 amu 21%.
N-(PHENYL)-N-(1-PHENYL-2-METHYLBUTYL)-N-HYDROXYLAMINE:
The procedure, molar amounts, and purification for this synthesis are 
identical to that of the previous two hydroxylamines except that the borane 
used is tri-sec-butylborane. The diastereomeric ratio is 1 :1 . Yield ranges 
between 52% - 65%. 1H NMR (CDCI3): <3 0.89 (t, 12H), 6 1.18 (m, 2 H), 6 
1.48 (m, 2H), (5 1.77 (m, 2H), <3 4.18 (d, 1H, J = 5.12 Hz), 6 4.27 (d, 1H, J 
= 4.54 Hz), 6 4.05 (s, 2H), <3 6.46 - 6.60 (m, 3H), 6 7.02 - 7.27 (m, 17H). 
13C NMR (CDCI3): <3 11.76, <3 11.98, 6 14.38, <3 16.03, <3 25.32, <3 26.78, <3 
41.45, (5 41.80, <3 53.38, <3 61.41, <3 62.50, <5 113.12, <3 113.14, (5 116.91, 6 
126.56, <3 126.69, <3 126.93, <5 127.19, <3 127.25, d 128.10, <3 128.17, <5
129.00, (3 142.28, <3 142.90, <5 147.69. IR: 3427, 3023, 2961, 1601, 1504 
cm'1. Mass Spectrum: 239 amu 5%, 182 amu (base peak) 1 0 0 %, 104 amu 
9%, 91 amu 5%, 77 amu 18%, 51 amu 5%. Elemental Analysis C17H21NO 
Calc: C 79.96%, H 8.29%, N 5.49%, O 6.27%. Observed: C 80.43%, H 
8.36%, N 5.60%.
N-HYDROXYPIPERIDINE:
In a 1 0 0 0  mL, three-neck round bottom flask with a stirbar and two
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stoppers, add 137 mL (0.999 mol) of N-ethylpiperidine and 100 mL of 95% 
ethanol. Add an addition funnel and nitrogen line to the system and chili 
to 0°C. Add 340 mL (3.33 mol) of 30% hydrogen peroxide slowly through 
the addition funnel. Stir the mixture for four hours at 0°C and for five days 
at room temperature with the system still under nitrogen. After five days, 
add a slurry of 0.125g of platinum black and water to an addition funnel. 
The round bottom flask is cooled to 0°C once again and the slurry is added 
slowly over several hours. Once the addition is complete, filter the solution 
through a Celite pad in a fritted funnel and transfer the solution to 1 0 0 0  mL 
round bottom flask. The solvent is then removed via a rotary evaporator 
equipped with a high vacuum pump. The bath of the rotary evaporator is 
slowly increased to 50°C. Once all the solvent has been removed by this 
method, the solution is transferred to a three neck 500 mL round bottom 
which is then equipped with a shortpath condenser and two stoppers. The 
remaining solvent is distilled under reduced pressure (1 mm Hg) at 70°C 
until the pot turns to a white crystalline substance. When this condition is 
attained, replace the shortpath condenser with a wide bore condenser and 
nitrogen line. Melt the crystalline substance with the mantle and heated to 
reflux gently for 15 minutes, moderately for 30 minutes and rapidly for 30 
minutes. The remaining solution is distilled at 17 mm Hg through a 15 cm 
shortpath condenser. The pressure of the system can be easily controlled
by connecting the round bottom directly to a nitrogen cylinder with thick 
walled tubing; the pressure is controlled by adjusting the nitrogen flow at 
the cylinder regulator. The receiving flask needs to be kept between -30°C 
and -40°C. The fraction to be collected distills between 70°C and 90°C. 
Once a yellow substance appears in the condenser, terminate the 
distillation. If recrystallization of the N-hydroxypiperidine is necessary it can 
be accomplished by dissolving the crystals in minimal amounts of ethyl 
acetate and adding hexanes until the solution becomes cloudy. Put the 
flask in the freezer overnight. Collect the crystals in a Buchner funnel and 
rinse with cold hexanes. This procedure gives 82g (0.812 mol) in 73% 
yield. Melting point 38-39°C. 1H NMR (CDCI3): 6 0.70 (t, 1H), <5 1.08 (t, 
3H), 6 1.25 (d, 2H), d 1.96 (t, 2H), 6 2.75 (d, 2H), 6 8.76 (s. 1 H); 13C NMR 
(CDCI3): d 17.44, 22.83, 25.58, 57.84, 97.83
MERCURIC OXIDE:
In a 2000 mL three neck round bottom flask equipped with an 
overhead stirrer add 150g (0.552 mol) of mercuric chloride and 525 mL of 
water. Cool the round bottom to 5°C and add 200 mL of 3M sodium 
hydroxide solution slowly over one hour. If the solution does not turn bright 
orange after the addition of NaOH solution, add NaOH pellets directly to the 
solution until it turns orange. Be sure to keep solution cold. Once the
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proper color has been achieved allow the solution to settle and filter 
through a Buchner funnel to collect the orange precipitate. The remaining 
solvent is removed in a vacuum over at 1 mm Hg and 45°C for 10 hours. 
Once the solid mercuric oxide is dry it can be crushed into fine, dust-like 
particles. This procedure gives 105g (0.485 mol) in 8 8 % yield.
2,3,4,5-TETRAHYDROPYRIDINE N-OXIDE:
In a 250 mL single neck round bottom flask with a stir bar add 20g 
(0.0923 mol) of mercuric oxide and 4g (0.0396 mol) of N-hydroxypiperidine 
to 110 mL of dry chloroform. Put flask under nitrogen and allow to stir for 
2 V2 hours. Allow the solution to settle then filter slowly into a single neck 
round bottom flask through a Celite pad on a fritted funnel. Remove the 
solvent under reduced pressure. This gives 3.4g (0.0343 mol) of 2,3,4,5- 
tetrahydropyridine N-oxide in an 87% yield.
2-ETHYL-N-HYDROXYPIPERIDINE:
To a sealed tube with a stir bar add 1.30g (0.0131 mol) of 2,3,4,5- 
tetrahydropyridine N-oxide. Place a septum on the tube and flush with 
nitrogen. Add 13.5 mL (13.5 mmol) of triethylborane (1.0 M in THF) via a 
syringe and quickly replace the septum with the screw cap. Place the tube 
in a 110°C oil bath and stir overnight. Cool the tube and add 15 mL of
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water and seven pellets of sodium hydroxide. Allow the solution to stir four 
hours. Extract the aqueous layer with methylene chloride and remove the 
solvent from the organic layer under reduced pressure. This produces a 
brown oil in 96% yield. The crude oil was purified via preparative gas 
chromatography. Each prep run yielded about 0.5 - 1.0mg of pure 
hydroxylamine. The temperature program follows: Initial Temperature: 
70°C, Initial Time: 15 min., Ramp: 3°/min., Final Temperature: 265°C, Final 
Time: 30 min.
1H NMR (CDCI3): <5 0.89 (t, 3H, J = 7.57 Hz), <3 1.03 - 2.25 (m, 9H), <3 2.50 
(t, 1H, J = 11.41 Hz), <3 3.29 (d, 1H, J = 9.99 Hz), d 8.75 (s, 1H). 13C NMR 
(CDCIg): <5 10.21, 6 23.80, <5 25.68, <3 25.88, <3 30.32, <5 59.80, (3 68.99. IR: 
1443.8, 2244.1, 2934.1, 3205.4 cm'1. Mass Spectrum: 129 amu 4%, 100 
amu (base peak) 100%, 83 amu 4%, 55 amu 11%.
2-BUTYL-N-HYDROXYPIPERIDINE:
The procedure, molar amounts and purification for this synthesis are 
identical to that of the previous hydroxylamine except that the borane used 
is tributylborane. Yield is 98%. 1H NMR (CDCI3): d 0.89 (t, 3H), <5 0.99 - 
1.84 (m, 10H), <5 2.15 (m, 2H), <5 2.44 (m, 1H), <5 2.63 (t, 1 H), <3 3.09 (d, 1H). 
13C NMR (CDCI3): <3 14.25, <5 22.99, <3 24.65, <5 26.02, <3 28.18, <3 32.27, <5 
36.59, (3 46.96, <5 57.18. IR: 1463.8, 1657.5, 2858.8, 2928.0, 3297.1 cm*1.
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Mass Spectrum: 141 amu 2%, 84 amu (base peak) 100%, 56 amu 13%.
2-(1-METHYLPROPYL)-N-HYDROXYPIPERIDINE:
The procedure, molar amounts, and purification for this synthesis are 
identical to that of the previous two hydroxylamines except that the borane 
used is tri-sec-butylborane. 1:1 diastereomeric ratio. Yield is 63%. 1H 
NMR (CDCI3): <3 0.90 - 1.14 (m, 12H), <5 1.22 - 1.60 (m, 14H), <5 1.76 - 2.03 
(m, 3H), <3 2.15 - 2.35 (m, 2H), (3 2.79 - 2.96 (m, 2H), 6 3.49 - 3.62 (m, 1H), 
<5 4.25 - 4.34 (m, 1H), 6 5.42 - 5.60 (m, 1H). 13C NMR (CDCI3): (3 13.93, <3 
14.05, (3 22.23, <3 22.76, 6 22.98, 6 23.10, 6 24.15, <5 25.88, <3 26.18, <3 29.71, 
<5 30.51, <5 30.70, <3 35.27, <5 37.26, <3 37.66, 6 45.90, 6 61.62, (5 62.40. IR: 
1374.4, 1456.4, 2861.5, 2943.6, 3374.4 cm'1. Mass Spectrum: 141 amu 
2%, 84 amu (base peak) 100%, 56 amu 13%.
67
APPENDIX
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